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Abstract 
Some basic ecological and behavioral aspects of the goldspot 
goby (Gnatholepic thompsoni) and the Bridled Goby (Coryphopterus 
glaucofraenum) were examined in a backreef habitat at Discovery Bay, 
Jamaica. Field observations and experiments indicated that these 
two benthic fish species had similar ecological requirements but dis-
played both similar and different behavioral patterns. Censuses along 
a transect indicated that the abundance of both species significantly 
differed in four different types of backreef habitats. Rubble was 
utilized by both species for reproduction and shelter functions and 
was found to control the spatial distributions of both species. A sig-
nificantly larger number of goldspot and bridled gobies were observed 
in experimental quadrats that contained rubble and sand compared to 
quadrats containing only sand. Both species utilized the same type and 
size of rubble and had a similar omnivorous diet. During 10 and 15 
minute observations, both species displayed feeding, courtship and 
aggressive behavior. The goldspot gobies took a significantly larger 
number of bites into the substratum, moved greater distances and moved 
more frequently than did bridled gobies. Although more sedentary, 
bridled gobies initiated a significantly greater number of attacks and 
defended specific areas from other gobies for a significantly longer 
. 
length of time. Interspecific dominance between two individuals was 
dependent on the sizes of the two interacting gobies. Both field obser-
vations and controlled laboratory experiments indicated that the larger 
of two interacting goby established dominance in over 90% of all the 
interspecific encounters observed. 
1 
Introduction 
Fish belong to an extremely diverse taxon whicl1 contains over 
20,000 species distributed throughout the world. Much icthtyological, 
research has examined various aspects of the ecology and social be-
havior of different species of fishes. Ecological studies commonly 
focus on describing fish distributions in different types of habi-
tats and what factors may control these distributions. Behavioral 
studies often examine aggressive interactions between species which 
can affect certain ecological aspects of fish connnunities such as 
species composition or spatial distributions. 
The type of research methods used by these studies usually 
depend on the location of the study. Most work on temperate species 
~ 
rely on laboratory data and nonobservational field data taken from 
sampling methods using traps, nets, electroshocking or angling because 
of the cold water temperatures and high turbidities. In contrast, 
most researchers studying coral reef fishes collect data from visual 
censuses, field observations and field experiments because of the 
clear and warm water conditions typical of coral reefs. Occasion-
ally, however, some coral reef investigators collect nonobservational 
data by using various sampling techniques which may include the use 
of poisons such as rotenone (Gosline 1965, Smith 1973), anesthetics 
such as quinaldine (Sale and Dybdahl 1975) or even explosives 
(Sale 1980). Regardless of the location or method used, these 
2 
studies l1ave uncovered much information about fisl1 ecology and be-
havior. 
Results from ecological studies indicate that many fjsh are 
habitat specialists and are distributed in habitats containing 
specific abiotic or biotic features. Some species of fish are 
found at certain depths, temperatures, light intensities, stream 
velocities, oxygen tensions and substrate types (Helfman 1978, 
Ultch et al. 1978). Other fishes may be distributed according to 
' 
the presence of other oganisms typically used for food or shelter. 
For instance, Hanlon (1983) noted that more than 30 species of West 
Indian reef fishes are found facultatively associated with sea ane-
mones. Other coral reef species such as the threespot damselfish 
(Itzkowitz 1977, 1978, Williams 1978), the red lipped blenny (Nurshall 
1977) and the fairy basslet (Freeman and Alevizon 1983) are distri-
buted in habitats containing certain species of coral. Similarly, 
Hobson and Chess (1978) found that the distributions of certain 
planktivores are correlated to the abundance of their food. 
The types of resources utilized by coexisting fishes may differ. 
In some cases, fishes having similar ecological requirements par-
tition certain resources within the microhabitat. This is believed 
to reduce competition between different species for the same re-
source (MacArthur and Levins 1967). Stream fishes exhibit various 
forms of habitat partitioning including segregation along variables 
3 
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such as stream velocity, stream order, food items and water depth 
(Matthews and Hill 1979, Matthews et al. 1982, Mendelson 1975, 
Wl1itaker 1977, and Mather 1977). Similarly, studi2s have reported 
evidence of resource partitioning between coral reef fishes. Dif-
ferent species of damselfishes have been found to partition both 
substrate and depth to various degrees at reefs located off Jamaica, 
Curacao, Panama, and Australia (Waldner and Robertson 1980, De Boer 
1980, Robertson and Lassig 1980). Likewise, Anderson et al. (1981) 
describes instances of spatial partitioning among butterfly fishes, 
while Roughgarden (1974) gives an example of trophic partitioning 
between parrotfishes. Such information about resource partitioning 
may help determine the locations of different species within a 
certain microhabitat as well as determine their overall distributions. 
Many distributions of fish species appear limited by certain 
factors. In coral reef fish communities, ecologists dispute which 
factors are the most important in controlling distributions and 
population levels. Many believe that the availability of useable 
space or food regulate distributions. Sale (1977, 1978, 1980), Smith 
and Tyler (1972, 1975), Sale and Dybdahl (1975), Helfman (1978) and 
Smith (1978) argue that spatial resources are very important regu-
lating factors, while Gladfelter (1979), Ogden (1973) and Tsuda and 
Bryan (1973) stress the effects of food availability on reef fish 
distributions. In contrast, Williams (1980), Stephans and Zerba 
4 
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(1981), Rob~rtson et al. (1980), Talbot et al. (1978) and Doherty 
(1983) maintain that the availability of certain resources do not 
limit distributions but other factors such as predation or low aDd 
unpredictable recruitment are more important. Thus, there are a 
variety of possible factors that may control distributions of reef 
fishes. Most likely, the factors that affect a particular species 
distribution may vary depending on the location, season, or time of 
day of the study. This may account for the differences in opinions 
among the writers. 
Like ecological interactions, aggressive interactions can be 
very important in fish communities. Both intraspecific and inter-
specific aggression may occur in either dominance hierarchal or 
territorial social systems. Typically, aggressive interactions 
. ' 
lead to the dominance of one individual over another. Morse (1974, 
p. 818) defines dominance as "the priority of access to resources 
that results from successful attacks, fights, chases or supplanting 
actions, present or past." Such dominant-subordinate social relation-
ships can play a large role in the structuring of a corrnnunity, espe-
cially when aggression occurs-between species. Verner (1977) notes 
that the interference nature of interspecific aggression (especially 
when t~rritorial) can limit the numbers and distributions of cer-
tain species within a community. Thus, studying aggressive inter-
actions can provide pertinent information on important aspects of fish 
ecology as well as the behavior of certain species. 
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Many studies have documented interspecific aggression between 
coral reef fishes (Ebersole 1977, Low 1971, Mahoney 1981, Itzkowitz 
1974, 1978 Myrberg and Thresher 1974, Williams 1978, Thresher 1976, 
Sale 1975, and Freeman and Alevizon 1983). Most work collecting 
data on the interspecific aggression between reef fishes has been 
done on territorial damselfishes. Field studies by Myrberg and 
Thresher (1974), Ebersole (1977) and Mahoney (1981) indicate that 
the threespot damselfish, the beaugregory damselfish and the dusky 
damselfish all elicit different levels of aggression toward differ-
ent species of intruders. Furthermore, Ebersole (1977) reported 
that the beaugregory damselfish exhibits a higher level of aggression 
(measured by the distance attacked from) toward heterospecifics than 
toward conspecifics. Interestingly, Itzkowitz (in preparation) found 
that beaugregories were more aggressive toward conspecifics than 
heterospecifics during choice tests. 
In some cases, one species may become socially dominant over 
another species. Interspecific dominance has been reproted to exist 
between a variety of sympatric species of fishes. Stephens et al. 
(1970) found that two species of blennies (Hyposoblennius) are domi-
nant over another sympatric species belonging to the same genus. 
Similarly, Hartman (1965) reported that coho salmon are dominant 
over coexisting steelhead trout, while Lindroth (1955) concluded 
that brown trout socially dominate atlantic salmon. In coral reef 
6 
conununi ties, Williams ( 19 78) reported that the t11 reespot damsel-
• 
fish are dominant over dusky damselfisl1. Sale (1975) concluded 
that two of three darnselfish species he studied have equal com-
petitive abilities, but the third has inferior competitive abili-
ties and is forced to exist in a nonpreferred habitat as a subordi-
nate species. As these examples suggest, such interspecfic domi-
nance relationships could possibly have dramatic effects on a sub-
ordinates' reproductive success or spatial distributions. 
The majority of studies on reef fish ecology and behavior have 
been on free-swimming fishes such as the damselfishes rather than 
benthic species such as some blenny and goby species. The focus 
of my thesis research was to examine the basic ecology and behavior 
of two very abundant, morphologically similar, sympatric, benthic 
species of gobies -- the goldspot goby (Gnatholepic thompsoni) and 
the bridled goby (Coryphopterus glaucofraenum). The coral reef 
literature contains very little information about either of these 
two species, so I focused on describing the distributions, resource 
utilization and social interactions of both species in a back reef 
environment at Discovery Bay, Jamaica. 
The Study Animals 
Gobies comprise the largest fish family in the Caribbean (Bohlke 
and Chaplin 1968, Randall 1968). The goldspot and bridled gobies 
7 
are common, benthic fisl1es that coexist at depths ranging from a 
few feet to at least eighty feet (Bohlke and Robins 1960, Luckhurst 
and Luckhurst 1977, Bohlke and Chaplin 1968). Both species are small 
(attaining length up to 7 cm) and have a cryptic coloration. The 
bridled goby is mainly translucent and has different color morphs 
with various degrees of pigmentation depending on the environmental 
background. The goldspot goby has a sandy-white coloration with a 
gold spot over the pectoral fin base and a narrow dark bar below 
each eye. Bridled gobies have a terminal mouth, but the goldspot 
gobies have a inferiorally positioned, protrusible mouth. 
A few studies provide a limited amount of information con-
cerning the ecology or behavior of the goldspot and bridled goby. 
Bohlke and Chaplin (1968) noted that both species burrow in the sand. 
These burrows are usually excavated under flat pieces of rubble 
(fragments of dead coral or pieces of rock). Luckhurst and Luckhurst 
(1977) found post larval recruits of both species throughout the year 
indicating that both species breed year round. Smith and Tyler 
(1972) described some general behavior patterns of both species. 
Both species emerge from their nighttime shelter in early morning 
and are active throughout the day traveling in small circular 
ranges. 
Sand appears to be a very important habitat component for both 
species. From long tenn censuses of quadrats placed in the field, 
8 
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Luckhurst and Luck.hurst (1977, 1978) reported tl1at both species are 
highly correlated with the presence of sand and suggested that the 
number of gobies in a particular area is determined by the avail-
ability of sand. Morphological characteristics also suggest sand 
is important. Smith and Tyler (1977) compared morphological fea-
tures of gobies within the genus Coryphopterus. They maintain 
that two divergent lineages show progressive habitat specialization 
towards coral-dwellers and sand-dwellers. Species having emarginate 
pelvics and a hyaline appearance such a C. glaucofraenum (the 
bridled goby) or C. thrix are adapted for sandy environments, but 
others having a round pelvic disc and more melanin pigment as 
C. tipernes are adapted for coral heads. So, from field observations 
and morphological comparisons, sand appears to be an important com-
ponent in the habitats these two species exploit. Besides these 
studies, little is known about the ecology or behavior of the 
goldspot and bridled gobies. 
METHODS 
The research for this study was conducted during four separate 
visits to the Discovery Bay Marine Laboratory at Discovery Bay, 
Jamaica. The first visit occurred during the first two weeks in 
January 1982, while the second visit took place from June 1 to 
August 18, 1982. The third and fourth trips occurred in 1983 and 
9 
were at approximately the same dates of the first two trips but 
a year later. 
Field data were collected while snorkling in back reef habi-
tats with water depths ranging from one to three meters deep. The 
study area at Discovery Bay is outlined on a map modified from 
Williams (1978) (see Figure 1). I collected field data underwater 
by writing with a pencil on a plexiglass slate. In addition, I 
made some laboratory observations in aquaria at the marine labor-
atory. The types of data I collected can be categorized under 
three major groups: censuses, field observations and experimental 
manipulations. Quantified data were compared using two tailed, 
Student t Test, Chi Squared Test, ANOVA Test or Binomial Test. 
Censuses 
Two types of censuses were performed: the first type was 
designed to compare the distributions of gobies in different habi-
tats while the second type of census was designed to study the 
changes in spatial distributions and population levels in speci-
fie areas over time. 
Censuses along Transect: Throughout the summer of 1982 I period-
• 
ically layed down a 50 meter transect line through different types 
of back reef habitats. After placing the transect, I slowly swam 
10 
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along the transect line (about 5 meters away) and recorded the 
size and species of each goby found in approximately 5 x 2 meter 
areas. I labeled these areas by the two most abundant components 
found in that habitat (R=rubble, S=sand, G=turtle grass, H=hard 
substratum). The sand and rubble environments were further cate-
gorized into areas having approximately 60% or more rubble or areas 
40% or less rubble. 
Censuses of quadrats: During the sununer of 1983, visual censuses 
were made in 16 permanent, 2 x 2 meter quadrats placed in sand 
and rubble environments. Each quadrat was outlined with nylon 
string marked off at 1/3 meter intervals. Visual censuses of these 
quadrats were taken in late morning or early afternoon at least once 
a week. I recorded the exact location of each goby within the quad-
rat by using the marks on the string as reference po nts. Gobies 
were also tagged to monitor the location of individuals over time. 
Individuals were tagged by injecting a nontoxic dye under the 
skin after being captured using the anaesthetic, quinaldine. The 
dye injections were placed at different locations on the fish for 
individual recognition. Each tagged fish was also measured and sexed 
when possible. 
Gut analysis: Thirty gobies from each species were randomly sampled 
from sand and rubble environments during the afternoon of August 2, 
11 
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1983. The gobies were captured using quinaldine and then inunediately 
dissected to remove their stomacl1s. 'Il1e food items in these sto-
machs lvere later identified witl1 the help of dissecting and com-
pound microscopes. 
Field Observations 
Qualitative observations: Descriptive behavioral data were taktn on 
courtship, burrowing, locomotion, feeding and aggression as well 
as ecological aspects such as predation and reproduction. In many 
cases, I captured certain individuals after an observation to identi-
fy their sex. I also noted and later recorded any unusual behaviors 
or phenomena associated with either species of gobies. 
Quantitative observations: Certain behavioral patterns were quan-
tified during timed observations in both sand and rubble habitats. 
Most of these observations took place in late morning or early 
afternoon. During ten minute observations, the number and duration 
at behavioral bouts were recorded for over forty randomly selected 
gobies of each species. I timed each bout of feeding, burrowing, 
aggression and movement with a stopwatch. Besides these ten min-
ute observations, I made fifteen minute observations in the tagged 
goby quadrats and recorded the location and number of all aggres-
sive and non-aggressive encounters, the location of movements, and 
12 
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which pieces of rubble were utilized by each goby within the quadrat. 
The purpose of taking these data was to determine whether these 
species are territorial, and the nature of rubble utilization. 
Experimental Manipulations 
Certain experimental manipulations were performed to test some 
specific questions. 
Rubble Addition Experiment: This experiment tested the hypothesis 
that rubble availability controls the distributions of both species 
of gobies. To perform this experiment, fifty 2 x 2 meter quadrats 
were placed in sandy areas containing no rubble. Then, four pieces 
of rubble were placed in the upper third of 30 randomly selected 
quadrats (Figure 2). I selected flat pieces of terrestrial rubble 
that were approximately the same size and washed them to eliminate 
any potential food materials before placing them into the quadrats. 
I took weekly censuses and recorded the size, species and location 
of each goby within the quadrats. The census also included lift-
ing up each piece of rubble to monitor reproduction and to in-
crease the accuracy of the census by including gobies found under-
neath the rubble. 
Chase Experiments: This experiment tested the hypothesis that 
rubble serves as shelter against predators. To perform this exper-
13 
iment, I randomly selected a goby and swam slowly over to it until 
I was directly above it. Then, I dove with my arm extended toward 
the goby and noted if the goby retreated under nearby rubble. 
Test Tube Experiments: I performed this rnanipul&tion to supple-
ment the behavior observations on aggression in the tagged quadrats. 
Gobies were captured using quinaldine and placed into small test 
tubes, sealted at one end with perforated plastic ~nd a thin rubber 
band. These tubes were placed at different locations within the 
2 x 2 meter quadrats. This helped to determine territorial bound-
aries by noting which resident gobies elicited aggression toward the 
test tube placed at certain locations. Empty test tubes were also 
placed in quadrats to act as a control. 
Dominance Experiments: Laboratory experiments were performed to 
study the dominance relationships between the goldspot and bridled 
gobies. The hypothesis that one species is dominant over the other 
was tested by placing one fish from each species into a small (approx-
imately 20 x 40 cm) trough. Each trough had a sandy bottom and 
a small flat piece of rubble placed at one end. A fresh supply of 
ocean water was allowed to slowly flow in each trough to maintain 
proper water quality. After a goby from each species was placed 
into the trough, they were periodically observed over the next 48 
hour period. The dominant individuals were determined by observ-
14 
ing the results of natural aggressive encounters or induced aggres-
sive encounters produced by chasing both gobies under the piece 
of rubble and then observing which goby was chased out. 
15 
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RESULTS 
Censuses 
Transect Censuses: The average number of gobies significantly 
differed in the four major types of backreef habitats (One Way 
ANOVA Test, p < .01) (Table 1). Both the bridled and goldspot 
gobies were most abundant in the habitats containing mainly sand 
and rubble. In addition, no significant differences in goby 
abundances existed between conspecifics in the two different 
types of sand and rubble environments (Student t Test, p > .1). 
This suggests that the amount of sand or rubble in a particular 
area does not regulate population sizes or distributions of either 
species. Such an interpretation, however, is misleading as the 
data contain no measure for the amount of usable rubble. The pre-
sence of other animals such as crabs or brittle stars may inhibit 
the use of certain pieces of rubble, while other rubble may be 
anchored too deep in the sand to be usable. Therefore, these data 
alone should not be used to test the hypothesis that the amount 
of rubble present controls the distribution of gobies. 
The transect data have other limitations. For instance, the 
censuses may have underestimated the true population sizes, because 
individuals underneath rubble at the time of the census would not 
be included in the data. Furthermore, interspecific comparisons 
d 
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should not be made with these data if one species has a tendency to 
stay under rubble more than the other species. 
Quadrat Censuses: The average number of gobies censused in the 
2 x 2 meter quadrats is illustrated in Figure 3. The population 
levels of the bridled gobies were more stable than the population 
levels of the goldspot gobies. The overall bridled population levels 
had no significant changes throughout the summer (One Way ANOVA 
Test, p > .1), but the goldspot levels significantly fluctuated 
(One Way ANOVA Test, p < .05). After a slight increase in the 
middle of June, goldspot population levels steadily decreased un-
til the end of July when it rose slightly. 
Censuses of the tagged individuals in these quadrats indicate 
that the bridled gobies utilized a particular area for longer per-
iods than goldspot gobies did. Table 2 describes the number of 
I 
tagged gobies that remained in or very close to the quadrats. 
After tagging, 80% of the tagged bridled gobies were observed at 
least once during the following week, and 64% of these were still 
found in the quadrats three weeks later. In contrast, only 65% 
of the goldspot gobies were observed after tagging, and only 20% 
of these remained in the quadrat area after three weeks. More-
over, the tagged bridled gobies averaged almost 4 weeks longer 
residency in the quadrat area compared to the tagged goldspot gobies 
(Student t Test, p < • 001) (Tab le 3). 
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Stomach Contents: The dissection of goby stomachs revealed that 
both species injested algae, detritus and a variety of invertebrates. 
The type and amount of feed items varied.between individuals of both 
species. Some stomachs contained almost exclusively crustaceans, 
while the others contained only algae and detritus. Overall, both 
species had more individuals with a higher estimated volume of algae 
and detritus than crustaceans in their stomachs. Sixty-four percent 
of the bridled stomachs contained more algae and detritus, while 53% 
of the goldspot stomachs contained more algae and detritus than crus-
taceans (Table 4). The type of crustaceans eaten by the two species 
were very similar. The five most common prey types were amphipods, 
copepods, ostracods, isopods and gastropods. These five types of 
crustaceans were found in at least one individual from each species. 
Thus, both species appear to have similar omnivorous diets. 
Gaby Sizes: Table 5 compares the average size of randomly selected 
gobies from sand and rubble environments. The measurements were 
taken from the juveniles and adults caught for the tagging program 
and gut analysis. Overall, the average length of the bridled gobies 
did not significantly differ from the average length of the goldspot 
gobies (Student t Test p > .1). 
18 
Field Observations 
Qualitative Observations: 
1. Locomotion. The goldspot and bridled gobies used two 
major types of movement -- bounce hopping and swimming. Hudson 
(1977) used the term "bounce hops" to describe gobioid locomotion 
of Signigobius biocellatus. A goby bounce hops by pushing off fro
m 
the substrate using its pelvic fins aided by pectoral fin action 
which moves the fish forward a few centimeters at a time. At oth
er 
times, gobies can swim by rising a few inches above the substrate 
and propelling themselves forward apparently by the thrust gener-
ated by their pectoral fins. Bounce hops seemed to be the much 
more corrnnon mode of locomotion for the goldspot and bridled gobie
s. 
2. Burrowing behavior. Both species excavated burrows under 
flat objects. The majority of burrows were excavated under rubble, 
but occasionally other types of objects were used such as water-
logged boards, coconut shells, urchin shells or large clam shells.
 
Both species constructed their burrows by sweeping sand out from 
underneath rubble using rapid tail oscillations. Usually the ant
erior 
portion of the body remained under the rubble, while the tail laid
 
outside or at the edge of the rubble during construction. Gobies 
also carried out coral fragments and sand using their mouth. 
3. Aggression. Both species used three major types of aggres-
sive behavior: chasing, fighting and displaying. Aggressive enco
unt-
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ers usually occurred wl1en two individuals are within 50 centimeters 
of one another. Bouts of chasing, the most conunon agonistic be-
havior for both species, seldom lasted more than a few seconds. 
The chases covered distances of a few centimeters to well over a 
meter. Long bouts of fighting were observed on many occasions but 
were always between conspecifics. Usually, the fighting pairs were 
approximately the same size and, when known, were the same sex. 
The basic fight tactics of the goldspot and bridled gobies had many 
similarities although some specific behavior patterns differed. 
A fighting pair typically positioned themselves a few centimeters 
apart, either parallel or perpendicular to one another. Then, both 
individuals remained almost completely motionless prior to a burst of 
aggressive behavior consisting mainly of pushing and biting. If one 
goby did not retreat after the first bout of fighting, both gobies 
lined up for another bout. Generally, the duration of the fight 
and the motionless period between fighting bouts appeared much longer 
during bridled aggression compared to goldspot fights. One bridled 
fight lasted over 20 minutes, while goldspot fights were never ob-
served to last longer than 5 minutes. 
Both species also maintained characteristic body postures 
and behavioral patterns before, during, and after a chase or fight. 
Such behaviors are usually called displays (Manning 1979). Be-
havioral patterns accompanying goldspot and bridled aggression in-
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eluded: opening the mouth, raising the dorsal fin, extending the 
pelvic fin and flaring the operculum. Erection of the dorsal fin 
and the open mouth display appeared to be the most commonly used 
threats. In most cases, the displaying goby positioned itself 
sideways so that its lateral side was facing the adversay (referred 
to as a lateral display). A less common behavior associated with 
aggression was the raising and lowering of their bodies with their 
pelvic fin ("push-ups"). In a few cases, an aggressive goldspot goby 
wiggled its body, producing an undulatory motion before attacking 
another goby. This was not observed in the behavior of bridled 
gobies. 
4. Reproduction and Courtship. I observed courtship behavior 
and the presence of egg clutches of both species during January, 
June, July and August. The sandy colored eggs of bridled gobies 
were laid in a thin film on the underside of rubble in a burrow 
excavated by a male. In contrast, goldspot eggs were laid in a 
smaller oval mass that was also placed underneath the rubble but 
rested on top of the sand or buried a few centimeters under the 
sand. The rubble appeared to help protect the eggs from predators. 
On several occasions, egg clutches that I had exposed by turr1ing 
over the rubble covering a male's burrow were quic~ly consumed 
by nearby fish (mainly bluehead wraesP.) within a few rnin11tes. 
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The male desperately attempted to fend off the predators, but 
his efforts were unsuccessful. 
Like aggression, the basic underlying motor patterns for 
bridled and goldspot courtship had many similarities. I observed 
at least 30 courting bridled pairs and at least 14 courting goldspot 
pairs in the field and also observed induced courtship during test 
tube experiments when a gravid female was used. I fotllld that court-
ing females of both species followed conspecific males underneath 
rubble. Males typically swam out at an approaching female and 
then quickly turned and swam back to his burrow under a piece of 
rubble. Figure 4 illustrates the movements of bridled and goldspot 
males during courtship. In most cases, the male bridled goby tended 
to swim in small elliptical paths of movement while leading the 
female back to his burrow. In some cases, the male took an indirect 
or errant route back to his burrow. In comparison, the male goldspot 
did not display the small elliptical movements during courtship but 
swam directly to the burrow site when leading a female. In general, 
the movement during goldspot courtship appeared much faster and with 
less pauses compared to bridled courtship. 
Certain displays were also associated with courtship. Like 
aggressive displays, males of both species conunonly opened their 
mouth, flared their operculum and erected their dorsal fin during 
courtship. In a few cases, I observed a courting male bridled 
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goby that would periodically "jump" so that his whole body was 
lifted a few centimeters above the substratum. The females did 
n.ot appear to have any obvious courtship displays. Typically 
' 
the female remained passive while the male displayed and then 
either followed or ignored the male as he swam back toward his 
burrow. Some courting male bridled gobies were observed to leave 
their own territories and enter female territories that were more 
than a meter away. Likewise, females left their own territories 
and entered territories of nearby males (Figure 5). 
5. Predation. I observed predation of gobies in the field 
on several occasions. The benthic lizard fish (Synodus intermedius), 
which resembles a very large goby, is a common goby predator. They 
usually bury themselves in the sand and wait for prey to move with-
in striking distance. On several occasions, I observed a lizard 
fish attack and miss a goby. On three occasions, however, I observed 
a lizard fish that actually captured and consumed a goby; a small 
bridled goby, a small goldspot goby and a large courting male bridled 
goby. These observations occurred during the summer of 1983 when 
there appeared to be the greatest abundance of lizard fish. Lizard 
fish were observed within the 2 x 2 meter quadrats on 15 differ-
ent censuses which represents approximately 7% of the total number • 
of censuses taken over the summer. 
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Additional observations suggest that other species of fish 
prey on gobies. I observed slippery dicks (Halichoeres bivittatus), 
capture two small bridled gobies and two small goldspot gobies. 
These gobies, however, had just been released after being tagged, 
so they may have been in shock, disoriented or still anesthesized, 
~ 
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making them more vulnerable prey than normal. Therefore, it is un-
certain whether they capture gobies under natural conditions. In-
terestingly, three of the slippery dicks grabbed the goby by the 
tail or head and struck it against coral until the body was broken 
in half. Then the fish consumed the remains of the goby. Another 
potential predator species are bar jacks, (Caranx ruber). I ob-
served a small school of bar jacks chase gobies llllder rubble on 
two different occasions suggesting they may prey on them. 
Quantitative Observations: The results from the short term be-
havioral observations indicate that the behavioral activity of 
the bridled and goldspot gobies are quite different. Tables 6-8 
summarize the quantified behavior from 10 minute observations. 
Compared to bridled gobies, goldspot gobies spent a significantly 
greater time underneath rubble (Student t Test p < .01) and were 
much more active while outside of rubble (Student t Test p < .005) 
(Table 6). This high activity of the goldspot gobies is reflected in 
the significantly higher substrate biting and bounce hopping rates 
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described in Table 7. The amount of aggression also differed during 
these ten minute obser·vations. Altl1ougl1 more sedentary, bridled 
gobies initiated a significantly larger number of attacks on other 
gobies (Student t Test, p < .001) (Table 8). Goldspot gobies were 
chased by other gobies more than bridled gobies were (Student t 
Test, p < .01), but there was no significant difference in the 
nwnber of nongobioid fishes that chased them (Student t Test, p < .1). 
These observations are supplemented by the short term behavioral 
observations in the 2 x 2 meter quadrats. 
The results from the 15 minute observations on the tagged 
goby quadrats also reveal major differences in behavior. Tables 9 
through 16 describe some aspects of space utilization and aggressive 
interactions in the quadrats. Not surprisingly, goldspot gobies 
had a larger range of movement and went under significantly more 
pieces of rubble than bridled gobies did (Student t Test, p < .01) 
(Table 9). An example of the paths of movement of gobies in one 
quadrat is illustrated in Figures 6-11. These figures also show the 
changes in location of individuals belonging to both species as 
the summer progressed. As mentioned earlier, bridled gobies tended 
to stay in a specific location for longer periods of time than 
goldspot gobies (See Table 3) making their spatial distributions 
more stable than the goldspot distributions (Compare Figures 
8-12). 
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The observations on aggressive interactions indicate that 
most of the bridled gobies were highly territorial defending 
specific areas for long periods of time, but the gcldspots appear-
ed to defend certain areas for only short periods of time. Figures 
12 and 13 describe the location of aggressive attacks in tagged 
quadrats during three different 15 minute observations. Both sexes 
of the bridled gobies consistently defended a certain area. Overall, 
males defended significantly larger territories than females 
(Student t Test, p < .01) (Table 10), but females defended the same 
territory for significantly longer periods (Student t Test, p < .01) 
(Table 11). Interestingly, all of the 16 tagged males moved their 
territories to nearby locations at least once during the summer. 
The bridled territoriality affected the goby community in 
two major ways. First, the territories functioned as a spacing 
mechanism that produced a fairly stable spatial distribution. 
Territorial individuals maintained a consistent distance between 
themselves and also kept smaller goldspot gobies in predictable 
areas where there were no territories. Second, the territorial 
aggression restricted access to certain resources. No goldspot 
n . 
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gobies were observed to utilize rubble within an active male's 
territory, but 13 goldspot gobies were observed to excavate burrows 
under 11 different pieces of rubble in areas that later became .or 
were previously within a male bridled territory. 
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In contrast to·bridled aggression, the location of gol.dspot 
initiated aggression was very inconsistent (See Figure 12). Typi-
cally, aggression occurred at various points along the path of 
I 
movement, and these points could change from day to day .. In one 
case, I observed a tagged goldspot goby attacking other gobies 
3 meters away from the area that it had previously defended the 
day before. 
The nature of goby aggression is quantified in Tables 12 through 
16. Table 12 summarizes the number of interspecific aggressive and 
nonaggressive encounters observed in the tagged goby quadrats. A 
nonaggressive encounter occurred when two gobies came within 20 
centimeters of one another for at least 5 seconds and did not initiate 
any obvious aggression. Conversely, an aggressive encounter occurred 
when one goby charged and attacked another nearby goby. Overall, 
46% of the interspecific encounters resulted in aggression, and 
the bridled gobies initiated 79% of these aggressive encounters 
(Table 12). Likewise, bridled gobies were the aggressors in 85% 
of the 111 interspecific, aggressive encollll.ters observed outside 
of the tagged goby quadrats. Thus, the bridled gobies appeared to 
be more aggressive than goldspots during interspecific encounters, 
especially the males. The tagged male bridled gobies were the 
only gobies to have more aggressive encounters than nonaggressive 
encounters with goldspot gobies. 
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The outcome of an aggressive, interspecific encounter is 
dependent on the sizes of the two interacting gobies. The aggressor 
was usually larger than the goby it attacks. Overall, the aggressor 
was larger in 90% of the total number of aggressive encounters 
observed between nontagged bridled and goldspot gobies. Similar-
ly, the aggressor was larger in 91% of the interspecific encounters 
between tagged gobies of different sizes (Table 13). This relation-
ship between the dominant goby and size is highly significant (Chi 
Squared, p < .001). Thus, dominance resulting from interspecific 
aggression is determined more by an individual's size than 
species. 
Nonaggressive, interspecific encounters were also related 
to size. Goldspot gobies were much more tolerant of interspecifics 
than bridled gobies were. For instance, larger goldspot gobies 
tolerated smaller bridled gobies in 85% of their encounters, but 
larger bridled gobies tolerated smaller goldspots in only 18% of the 
time (Table 14). Occasionally, a smaller bridled goby did attack 
a larger goldspot goby, but this occurred in only 7% of such en-
counters. Figure 10 illustrates an example of a nonaggressive en-
counter between a large goldspot goby and a smaller bridled goby. 
During this observation, a large goldspot goby (LG) entered the 
territory normally defen.ded by a small female bridged goby (/17). 
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The goldspot goby moved within 20 centimeters of the female for 
periods up to 25 seconds. No aggression ensued, even when the 
goldspot went under rubble within her territory. 
Compared to interspecific aggression, intraspecific aggression 
occurred in only 46% of the total number of interspecific encounters 
(Table 12) but occurred in 71% of the intraspecific encounters 
(Table 15),. This difference is primarily due to the preferential 
aggression displayed by the goldspot gobies. Tagged goldspots 
attacked conspecifics 78% of the time, but aggression occurred in 
only 21% of the encounters with bridled gobies. In contrast, bridled 
gobies had 70% of their intraspecific encounters and 62% of their 
intraspecific encounters end in aggression. Of the bridled gobies, 
more aggression was initiated toward members of the same sex. Not 
surprisingly, a higher percentage of encounters were aggressive when 
the encounter was the same sex compared to female-male encounters 
(Table 16). 
Experimental Manipulations 
Rubble Addition Experiment: Figure 14 illustrates the average 
number of gobies in quadrats with and without rubble against time. 
Within days, the number of goldspot and bridled gobies were sig-
nificantly higher in quadrats with rubble compared to quadrats 
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without rubble. Both juveniles and adults from each species quickly 
migrated into the quadrats with rubble, while no adults and only 
a few juveniles were found in quadrats without rubble during the 
entire 35 day experimental period. In the quadrats containing rubble, 
the population levels of both species increased at approximately 
the same rate, and egg clutches were found within the first week 
and throughout the experiment. Interestingly, 99.4% of all censused 
gobies were found in the quadrat half with rubble in it. In addi-
tion, fifteen minute observations indicated that all movement was 
confined near rubble (Figure 15). Thus, rubble dramatically controls 
the spatial distributions of both species. 
Chase Experiment: Table 17 describes the results from the chase 
experiment. In all 50 trials, each goby moved under nearby rubble 
that was usually within a half meter away. This indicates that 
rubble can serve a shelter function. It's interesting to note 
that 20% of the fleeting gobies were expelled from the rubble by 
another goby in less than 30 seconds. 
Dominance Experiment: Interspecific dominance was observed in all 
but two of the laboratory tests. The dominant individual initiated 
all aggression observed whether induced or natural. During induced 
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aggression, the dominant goby would chase the subordinate out from 
underneath the piece of rubble almost immediately after I chased 
both gobies under. During their natural interactions, the domi-
nant goby kept the subordinate at one end of the tank usually near 
the top of the water colunm. Results of the dominance tests are 
summarized in Table 18. Like the field data, these data indicate 
that dominance is determined by size and not species. The dominant 
goby of asymmetrical pairs was the larger one in every trial except 
one (Binomial test, p < .005). Likewise, the outcome went either 
way when the sizes of the two gobies were within one millimeter 
of each other (Binomial test, p > .2). 
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DISCUSSION 
Ecological Relationships 
This study reveals considerable ecological overlap between 
the goldspot and bridled gobies. Both species live in the same 
types of habitat and utilize the same food and shelter resources. 
There is no qualitative evidence of partitioning of food items 
between these two orrmivorous species when sampled on a single day 
(see Table 4). This high dietary overlap may not occur during 
other time periods, however. Other studies show that some minnow 
species have high dietary overlaps only during certain portions of 
the year. (Mather 1977), Whitaker 1977, Gillan and Heart 1980, 
Starrett 1950). Schoener (1982) proposes that high dietary overlaps 
occur between species when food is abundant and that dietary separa-
tions occur when food is scarce so that interspecific competition 
is reduced. It is unknown whether the food abundance or the diets 
of either the goldspot or bridled goby changes over time. There-
fore, the possibility that trophic partitioning occurs at other 
times of the year or day remains a viable hypothesis. 
Rubble is another important resource utilized in goldspot-
bridled communiti~s. Both species use rubble for reproduction 
and shelter against predators (see pp. 21, 22, 24 and Table 17). 
Rubble may provide an additional shelter function by isolating 
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individuals from both interspecific and intraspecific aggression. 
Meshiko (1976) reports that growth and survival of an eleotrid 
goby, Odontobutis obscurus, was significantly higher when raised 
in tanks containing shelter that increased sensory isolation among 
individuals compared to tanks without shelter. So, perhaps rubble 
availability may increase goldspot and bridled survival by pro-
viding shelter from the common aggression observed in the goldspot-
bridled corrrrnunities. 
Similar to food, the type of rubble utilized doesn't appear to 
.. 
be partitioned. The long term observations of the tagged goby 
quadrats indicates that both species will excavate burrows under 
the same piece of rubble that had been previously occupied by a 
goby of the other species (see page 26). In addition, equal numbers 
of gobies from each species utilized the same-sized .Ela_t pieces 
of rubble during th_e rubble addition experiment (see Figure 14). 
Apparently, no temporal partitioning of rubble occurs between the 
goldspot and bridled gobies. I observed rubble utilization during 
both sum.mer and winter months. Also, the post larval data of 
Luckhurst and Luckhurst (1977) indicate that both species breed 
throughout the year suggesting that rubble used specifically for 
reproduction is not partitioned during different parts of the 
year. 
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The importance of usable rubble in the habitats of the goldspot 
and bridled goby is clear. Smith and Tyler (1977) and Luckhurst 
and Luckhurst (1977) stress the importance of sand in their habi-
tats, but the results from the rubble addition experiment demon-
strate that rubble is also an important habitat requirement for 
both species. In fact, these results illustrate that the presence 
of usable rubble dramatically controls the spatial distributions 
of both species and that sand alone is not an adequate habitat 
for either species (see Figure 13). Furthermore, these results 
support the view that spatial resources are important regulators 
of reef fish distributions (Sale 1977, 1980; Sale and Dybdahl 1975, 
Smith 1978, Smith and Tyler 1972, 1975). 
Aggressive Interactions 
Interspecific aggression can play an important role in the 
structuring of a community by providing a mechanism to exclude 
certain species from a habitat. Sale (1975) and Williams (1978) 
found that the presence of certain species of territorial damsel-
£ is hes p.revented subordinate species from occupying the same habi-
tats. The results from this study indicate that neither species 
can achieve social dominance and force the other species to exist 
in refugia. The dominance test (Table 18) and field observations 
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(Table 13) demonstrate that interspecific dominance is determined 
by an individual's size and not species. The size related dominance 
may be one factor that allows these two ecologically similar spe-
cies to coexist in the same habitat, because their average size 
does not significantly differ (Table 5). 
In contrast to this study, other studies report that social 
dominance between reef fishes is independent of size. For instance, 
Robertson and Lassig (1980) concluded that the superior fighting 
ability of Microspathodon chrysurus overcomes the larger size of 
Eupomocentrus dorsopunicans in many of their interspecific encounters. 
Similarly, Freeman and Alevizon (1983) concluded that dominance 
between the territorial fairy basslet and other species was in-
dependent of size. On the other hand, most other studies on animal 
communities report that interspecific dominance is related to size. 
Morse (1974) reviewed studies on interspecific dominance between 
interacting species of birds, crustaceans, rodents, insects and 
fishes. He found that the larger sized species dominated the 
smaller sized species in 31 of the 34 studies he reviewed. Thus, 
size may be important for interspecific dominance in some connnuni-
ties but not others. 
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Questions and Hypotheses for Future Work 
Besides uncovering some basic biological information, the 
results of this study have generated some interesting questions. 
For instance, why do bridled gobies initiate more interspecific 
aggression than goldspot gobies? The territorial bridled gobies 
attack conspecifics and goldspots at about the same rate, but goldspot 
gobies attack bridled gobies much less than conspecifics (p. 26, 
Tables 12 and 15). One explanation is that bridled gobies • mis-
take goldspot gobies for conspecifics because of their similar 
body form. Murray (1971) maintains that interspecific territori-
ality in birds results from errors in species identification and 
is nonadaptive. Similarly, Lorenz (1962) suggests that reef fish 
developed their bright coloration to avoid misidentification and 
eliminate injuries and energetic costs due to interspecific attacks. 
On tqe other hand, interspecific aggression elicited by territorial 
animals may be an adaptive behavior to protect resources within 
its territory (Vernor 1977, Cody 1969). This hypothesis is some-
what tenable as both species utilize the same type of rubble and 
have a high dietary overlap. 
Another perplexing question generated by this study is why 
are the general behavior patterns exhibited by the goldspot and 
bridled so markedly different when they utilize the same resources? 
I I 
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The bridled goby spends much less time under rubble, feeds much 
slower and is generally much more sedentary than the goldspot goby 
(See Tables 6 and 7). One plausible explanation is that the dif-
ferent types of behavior patterns are equally adaptive for the 
exploitation of the same resources in the sand and rubble environ-
ments. Otherwise, one would expect a convergence of behaviors 
toward a similar pattern that is best adapted for resource ex-
ploitation. 
Another hypothesis is that specialization to exploit certain 
resources has not mediated the development of these different be-
haviors, but other factors such as predation may have molded them. 
Predators may be able to detect goldspot gobies easier than bridled 
gobies. Bridled gobies~ appearing to be more cryptic to the human 
observer, were harder to find during my censuses. In addition, they 
have many different color morphs depending on the environmental 
background (Bohlke and Robins 1960, personal observation). There-
fore, bridled gobies may depend less on rubble and more on their 
cryptic, translucent coloration for protection against predation, 
and their extremely sedentary behavior may function to further enhance 
concealment. Alternatively, the less cryptic goldspot goby may 
depend more on rubble for concealment which would account for the 
greater amount of time spent under rubble (Table 6). Furthennore, 
37 
I observed some goldspot gobies that stayed under rubble for hours 
at a time during a few long term observations. Such behavior was 
not observed in bridled gobies which remained outside of rubble un-
less courting during daylight hours. Perhaps the higher feeding 
and movement rates allow goldspot gobies to feed quickly and then 
return to the safety provided by the rubble. Thus, the differ-
ences in feeding rates, movements and time spent under rubble may 
be related more to protection against predation than resource ex-
ploitation. However, such hypotheses about factors that mold be-
havior over evolutionary time periods are usually untestable. So 
answers to the second question must remain speculative. 
Whether or not rubble is limited in goby connnunities is another 
important question. The hypotl1esis that rubble is in short supply 
could be tested with a series of removal experi~ents. Some infor-
mation from this study does suggest that rubble is in short supply. 
First, both goldspot and bridled aggression restricted access to 
certain pieces of rubble that were later used by an individual of the 
other species. Moreover, the few times that goldspot gobies were 
aggressive toward bridled gobies occurred only very close or 
actually under the rubble. Second, the fast migration rates of 
both juveniles and adults into the quadrats with rubble added 
(rubble addition experiment) suggest that rubble may be limited 
38 
in the areaA they migrated from. Furthermore, the presence of 
egg clutches of both species within two days after placing the 
rubble into the quadrats suggests that rubble specifically used 
for reproduction is in short supply. Specific tests, however, 
need to be performed before cany conclusive answers can be drawn.
 
The final question generated by this study is an obvious one: 
Does interspecific competition occur between the goldspot and 
bridled gobies? Interspecific competition, defined as an inter-
action that negatively effects one or more of the interacting 
species, is commonly expressed in competition theory as a decreas
ed 
rate of population growth. This study illustrates that inter-
specific aggression does restrict access to shelter and reproduc-
tive resources (seep. 26, Table 17). McNaughton and Wolf (1979) 
define such aggressive interaction as interference competition. 
A removal experiment could test whether the presence of one spe-
cies actually limits the growth or population size of the other 
species. Interspecific competition could become quite intense 
if resources such as rubble become limited. In fact, the com-
petitive exclusion principle states that ecologically identical 
species can not coexist indefinitely (Pianka 1974), McNaughton and 
Wolf 1979, Wilson and Bossert 1971). With this in mind, these two 
··· ecologically similar and aggressive species make excellent study
 
,. 
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animals for future research on competition in reef fish com-
munities. 
. Recently the importance of competition has been questioned. 
LeWin (1983a, 1983b) describes the changing attitudes in modern 
ecology about interspecific competition and its affects on conunun-
ity structure. Many ecologists feel that interspecific competi-
tion has been overplayed in the past and that nonequilibrium 
mechanisms are more important. LeWin (1983b) suggests that both 
equilibrium and nonequilibrium factors may have an intermitten effect 
on community structure. This may be the case for the goby com-
munities in the backreef habitats at Discovery Bay. The aggressive 
interactions combined with limited resources could lead to resource 
competition, while the seemingly high predation pressures could lower 
the population levels into an nonequilibrium condition during other 
time periods. In any case, future experimental work could help 
answer the questions generated by this study and could lead to a 
better understanding of the ecological and behavioral interactions 
of the goldspot and bridled gobies. 
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Table 1. Average ;,~umber of Gobies in Backreef 
I1ahitats (5 x 2 meter areas) 
1Iabi tat n Ave 
-
S,R (R)60%) 31 
S R , ( R·< 40 % ) 38 
S ,.G 2 3 
·R,.:H 1·9 
S - Sand 
R - Rubble 
G = Turtle Grass 
II = IIard Substraturn 
Go= Goldspot Gobies 
B ti ·;:: I3 r i d 1 e ci G ob i e s 
I3r·+·Go = Total # Gobies 
·sE =· S~tandard Error 
# Br SE 
6 I 4 1.2 
5. ·9 0 -5 •• 
2. 4 0 I 5. 
l_. 9 () • 4 
-Ave II Go SE Ave # Br+Go 
3.0 0 I 7 q • 4 
2 I 7 n I 3 8.6 
0. 7 n • 3 3 • l 
J .. 3 t) • 5 3_. 2 
:•:comparison on total nurnber of gob·ies (I3r+Go) in diffe!'ent 
habitats 
One vJav ANO.VA T·e.st r < 3 , 1.0 7) = 7 • 6 2 ( p < . :o 1) 
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SE 
0 I 6 
0 • 3 
0. 3 
0 •. 4 
• 
Table 2-. t-Jumber of Tagged Gobies Found In Quadrat 
Area After Tagging 
Bridle d:s 
Golds pots 
...... 
# Tagged 
76 
72 
# Observed Near Quadrat 
Durin~ First Week 
61 
47 
4.2 
# Still in Quadrat 
After 3 Weeks 
39 
12 
~. . : 
Table 3. Days Tagsed Go_bies ?.eMained in Q:uadrat 
n 
-· 
:.n:riclleds 56 
c; o.l.ds rots 4 "3 
Average # Days 
3 4. 1 
8 .• 3 
43 
,. 
SE 
3 • 3 
1. 4 
Table 4. Stomach Contents 
Number of Gobies Containing Specific Prey Types 
Unidentified 
~ Amphipods Copepods Ostracods Isopods Gastropoda ~gs Scales Invertebretes 
Bridleds 14 
Goldspots 15 
7 
12 
n 
-
Bridleds 14 
Goldspots 15 
5 
8 
1 
9 
2 
7 
Number Having More 
Crustaceans than algae 
5 
7 
44 
8 
6 
2 
0 
4 
1 
Number Having More Algae 
and Detritus Than Crustaceans 
9 
8 
4 
5 
t·able 5. Sizes of Gobies in Sand and Rubble Environments 
n Ave. Length ( cm) SE 
-
Go·ldsnots 85 4. 9 3 C) I 13 
..... 
Bridleds 84 -4 I 7 3 0. 12 
Student t Tes·t (p > .. 1) 
' 
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Table 6. Percentage of Time Gobies Spent Under 
Rubb1e and Tir1e Gobies \'Jere Sedentarv vJhile 
Outside Durinr Ten Minu~e Observations 
% TilTle Sedentary 
n 
% Time Under RubbJ_e 
During Observation SE ,.,Jhi le Outside Rubble SE 
:sridied 
Goldspot 
-
40 
-Stud·en.t t Test 
3. 0 
2 2. 4 
(~.< •. :o 1) 
46 
0 • ] 
s.o 
70.4 
10.8 
{o··< • 0 0 5) 
+ . 
2 I 3 
1.6 
Table 7. comparison of Feeding Behavior and 
Movement During 10 Minute Observations 
Bites Per Bounce Hops 
n Minute SE Per Minute SE 
-
Bridleds 48 0.6 0.1 4.3 0.3 
Goldspots 40 7.9 0.5 l<l>.6 0.7 
student t T. (p< .001) (p < • 001) 
.• 
· .. '· ... 
47 
B:rid1eds 
Goldsoots 
• 
Student t Test 
Tab le 8. Averaee 
Per 
Ave. # Attacks 
n on Gobies 
-
48 1.00 
.4·0 .o .• 11. 
.C·p < . o o I) 
I 
!Iurnber of Aggressive Interactions 
Ten r:inute Observation 
Ave. # of Times 
SE Chased bv ~obies 
• 19 0. 3 5 
I O 5 0 I 6 8 
·(p <. .. ·o J) 
SE 
-
• 12 
I 15: 
Ave. # of Times 
Ch~sed by Nongobioid 
0.63 
1 I () o· 
~·:rlongobioid refe-rs t_o· a11 fishes -othe·r than p:obies. 
48 
SE 
-• 14 
.21 
B.ridle·d 
Goldspot 
StudE;nt t 
Table 9. 
Comparisons of Movement and Rubble Utilization 
During Fifteen Minute Observations 
• 
Ave. II 
Ave. of Rubble 
Range* Per Used Per 
15 Minutes 15 Minute 
n (meters) SE Obser. 
-
5.1 0.34 .01 0.08 
4.2 ·1.02 .• 1.1 0. 85-
.(p < • 01.) (p < .Ql) 
t 
SE 
.03 
.·16 
*Range· is. quantifie·d as t:he distance betwe·en the two farthes-t po·irtts 
on the. Ob$erv-ed path of gobio:id movement. 
' 
-. . -".' 
.... 
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Table 10. Bridled Territory Sizes 
Males 
Females 
student t 
Estimated Area (m2 ) SE 
0.40 
0.18 
(p<. .OS). 
50 
.09 
.03 
, . 
. 1 
f 
Table U. Number of Days Tagged Bridled~Gobies_·Remained In 
Tije Same Territory 
( 
Males 
Females 
Student t 
~ Average# Day 
31 
30 
5.1 
14.7 
26.9 
(p ( .01) 
SE 
1.76 
3.07 
Table 12. Interspecific Encounters in Tagged Quadrat Communities 
Tagged 
Gobies 
Bridled 
Males 
n 
~-_. 
14 
Females 25 
, ---Total 
Goldspot 
Males 
Females 
Total 
overall 
Total 
5 
12 
17 
56 
# Interspecific 
Encounters 
34 
44 
78 
1s: 
32 
47 
125 
#Aggressive# Nonaggressive 
Encounters Encounters 
28 
20 
48 
·3· 
7 
10 
58 
6 
24 
1·2: 
:2.·s: 
:·J(f/ 
61 
Br. Initiated 
Aggression 
25, 
15 
40 
0 
6 
6 
46 
G. Initiated 
Aggression 
.3 
·5 
.. 
.·a-
3 
1 
4 
12 
.. 
Tagged Gobies 
(Summer 1983) 
Nontagged Gobies 
(1982 - 1983) 
Total* 
Table 13. 
Outcome of Interspecific Aggression 
Between Asymmetrical-Sized Pairs 
n 
-· 
45 
62 
Aggressor 
Larger 
41 
.56-
97 
*Chi S.quare: x2 ·=.· 69 .12, (p: < • 00).). 
53 
Aggressor 
Smaller 
4 
6 
10 
i 
Table l'-'. Interspecific Encounters and Size 
in Tagged Goby Quadr2ts 
Size Relationshio C 
Larger Goldspot 
Larger Bridled 
S arr.e Sizes 
n 
-
60 
.39 
26 
#Nonaggressive Encounters 
7 
13 
#Aggressive 
13 
32 
13-
Chi Square test of. independence: x2 = 32.CJ6 (p(..nol} 
54 
Table 15. Intraspecific Aggression in Tagged Goby Quadrats 
Tagged Gobies 
Bridleds 
Males 
Females 
Total 
Goldspots 
Males 
Females 
Total 
Overall 
Total 
n 
-
14 
25 
39 
12 
16 
55 
·. 
Total# of # Aggressive # Nonaggressive 
JI 
Encounters Bncounters Encounters 
66 
123 
189 
8 
37 
45 
234 
55 
41 
91 
132 
4 
31 
35 
167 
' 
25 
32 
57 
4 
6 
10 
67 
... 
·'l'·a:t:,_le 16. Bridled Intraspecific Aggression When the sex 
of Both Individuals Is Known 
Type of 
Encounter 
Male-Male 
Number of 
Encounters 
22 , 
.. 
Female-Female 31 
Male-Female 41 
Number of Aggressive 
Encounters 
22 
24 
24 
% of Encounters 
P.ggressi ve 
100% 
77% 
59% 
.. 
-..: 
Bridled 
Goldspot 
Table 17. Chase Experiment 
# Retreated # Expelled Within 
# Chased Under Rubble 30 seconds 
25 
25 
25 
25 
6 
4 
,, 
Table 18. Paired Dominance Test 
Sizes n Bridled Dominant Goldspot Dominant Binomial Test 
-
Bri0led Larger 11 10 1 p(.005 
GoJdsDot Larger 6 0 6 p(,001 
-
Same Size -10 6 l 1 T) J ·2 
.... 
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Figure 1. Map of Discovery Bay 
N 
REEF CREST r 
. . .. 
. DISCOVERY 
BAY 
STUDY 
SITE 
10 M 
. . . . . ... · ... · : : . · .. · .... : : . · .. ~ .· : . . . . .. 
' 
I ·.• • t I I 
0 500 
METERS 
The study area was located in shallow backreef habitats 
along the southern side of the west reef crest. The dot-
ted lines represent the approximate areas where quadrats 
were placed. (Map from Williams 1978) 
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Figure 2. 
• 
• • 
small, flat pieces of rubble (approx. 20-30 cm. wide) 
were placed in the upper third of 30 2 by 2 meter 
quadrats for the rubble addition experiment • 
• 
.. 
• • • • • • • • 
• 
60 
~ 
~ 
8 
~ 
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Figure 3. QUADRAT POPULATION LEVELS THROUGH SUMMER (June 6- July 30) 
6.0 
s.o 
4.0 
3.0 
2.0 
l.o 
20 30 
DAYS 
61 
40 50 60 
"' • Bridled 
• • Goldspot 
I. Standard Error 
One way ANOVA: 
F(6,105)=1.42 
p) .1 
F'( 6, 10 5 ) =3.01 
p ( .OS 
Figure 4. Patterns of Movement During Courtship 
Bridles courtship Goldspot Courtship 
, 
Male displays and approaches female. 
B. Phase 2 
Male entices female and swims back to his burrow. The 
bridled male moves in small irradic circles between the 
female and his burrow, while the goldspot swims directly 
from the female to his burrow. 
c. Phase 3 
; ' 
•. . 
·The female follows the male into his burrow. 
' 
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Figures. Movement of Territorial Female Bridled Goby Into 
Territories of Courting Males (July 20, 1983) 
B1 
,.. . 
63 
... 
Figures 6-11 illustrate the path of movement during 15 minute 
observations. 
Figure 6 is a drawing of the rubble located in quad.rat Bl. 
Figure 7 shows the location and paths of movement of the tagged 
gobies one half day after tagging. 
Figure 8 illustrate movements one day later. Notice that gold-
spot #3 is gone. 
Figure 9 illustrates movement 7 days later. The location of 
untagged gobies are also shown. 
MBr= medium-sized bridled goby 
SmBr~ small bridled 
LG= large goldspot 
Figure 10 shows paths of movement after 34 days. Notice that 
male bridled #6 has-moved to another location. 
Figure 11 illustrates movement after 56 days. Four tagged brid-
led gobies are still in the quadrat, but none of the tagged gold-
spot gobies remain. 
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Figure 6. Location of Rubble In Quadrat Bl 
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Figure 7. Movement of Gobies one Half Day After Tagging 
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(Numbers correspond to tag number of each individual) 
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Figure i. Movement of Gobies One Day After Tagging 
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Figure 9. Movement of Tagged Gobies One Week After Tagging 
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Figure 10. Movement of Gobies After 34 Days 
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Figure 11. Movement of Gobies After 56 Daya 
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Figure 12. Location of Aggression in Quadrat B2 
l'A 
._. - -- - , -:' ·-
NA 
,. / ,• 
,,.,-
. ' . 
• " • ..(3r(j) /' 
( - \. ~ ,- - - ,,,....-; . .. ' 
. --
- •• ·.J.~/ r, .._,- ' 
,- 11/6 ,, •• 
, ~ -- ~ 
I .... • • - - - ..... 
·J,i . "" - \ ~ 
. . . ':i 
D 
r • -
',. _" 11. :·'""'..... • .. 
'~~' \ ' -\-=·:- a 'to."'' .• µA 
';T '"r ... l _,, 
l ' 
I \ 
~+:;;--~ 
.J ' . . -
Location of Bridled Initiated Aggression 
Location of Goldspot Initiated Aggression 
Bridled Path of Movement 
Goldspot Path of ,Movement 
Location of a·Nonaggressive Encounter 
(Observations made on July 1,4, and 12) 
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Figure 13. Location of Aggression in Quadrat BS 
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(Data taken from 15 minute observations on July 4,7, and 17) 
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Figure 14. RUBBLE·ADDITION EXPERIMENT 
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Figure 15 .• Paths of Movement of Gobies During 15 Minute 
Observation of Quadrat With Rubble Added 
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